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Since the late 19th century, there have been
numerous publications on proteolytic enzymes in
dermatophytes (for literature see 1—6). Bodin
(1907), Mallinckrodt-Haupt (1928), and Tate(1929) stated that active proteolytic enzymes
(e.g. trypsin, casease, renin, gelatinasc (1, 2), or
enzymes with activity very similar to trypsin(3)) are present in the dermatophytes.
However, so far there is no report which de-
scribes any specific proteolytic enzyme activity
associated with yeast-like pathogenic fungi. The
present communication deals with the demon-
station of leucine aminopeptidase (L.A.P.) in
Candida albicans.
MATERIALS AND METHODS
The C. albicans used throughout the present
work was isolated from a lesion of interdigital
candidiasis of the hand. The orgnnism was cul-
tured in the following media: Sabouraud dextrose
agar medium (bacto Difco), Sabouraud liquid
medium (bacto Difco), Sabouraud liquid medium
containing different glucose concentrations (Table
II) as well as a synthetic basic liquid medium
which was essentially that of Kapica et at., (7)
but modified for the purpose of our study (Table
II). The organism for inoculation of the study
medium was grown in test tubes on Sabouraud's
dextrose agar medium for 3 days at 37° C. Sabou-
raud dextrose agar medium was then prepared
in Petri dishes, streaked evenly with the organism
and cultured at room temperature for various
periods of time. Organisms were harvested for
enzyme assay by gently scraping them off the
media with a wire ioop. The liquid medium culture
was prepared in an Erlenmeyer flask of 120-mi.
capacity containing 20 ml. of medium and inocu-
lated with 1 ml. of the C. atbicans suspension and
grown on a reciprocating shaker at room tempera-
ture. After the specified period of time, tIre culture
flasks were well shaken by hand and a sample
immediately withdrawn for cell counting in
Neubaucr's hemocytometer. The liquid culture
was then centrifuged at 5,000 r.p.m. and the
supernatant decanted. The pellet of organisms
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was washed twice with physiological saline solu-
tion and subsequently homogenized in the cold in
a Ten-Broeck homogenizer with the addition of
distilled water. The homogenate was assayed for
LAP. activity by the method of Goldbarg et at.,
(9) slightly modified in that the pH of the incuba-
tion was kept at 7.8 with Tris buffer. Under this
optimum pH condition, the liberation of beta-
naphthylamine from L-leucyl-beta-naphthyla-
mide by L.A.P. increased linearly as a function
of time. In this way the enzyme content of the
candida cells was assayed.
In a second set of experiments the amount of
the enzyme liberated into the medium was esti-
mated. Ninety-six-hour old cultures were cen-
trifuged, the supernatant was decanted and
TABLE I
Endogenous LAP. activity
Exp. No.
No. of
Celia/mi. of
Medium
L.A.P. (. beta-
naphth./hr./mg.
protein)
Culture
Media
Duration
of Culture
(bra.)
1 5 X 106 40.2 Liquid 12
2 — 48.4 Agar 12
3 2 x ioe 86.1 Liquid 24
4 — 113.0 Agar 24
5 3 X 10 75.6 Liquid 36
6 — 104.0 Agar 36
7 4 x io 79.1 Liquid 48
8 — 99.5 Agar 48
* Sabouraud dextrose agar medium and
Sabouraud liquid medium (bacto Difco).
dialyzed for 1 hour at 4° C. The L.A.P. was esti-
mated in the non-dialyzable fraction. This L.A.P.
will be referred to as "exogenous L.A.P." in
contrast to the L.A.P. in the homogenate of
washed organisms, which will be referred to as
"endogenous L.A.P.". The L.A.P. activity is
expressed as micrograms of beta-naphthylamine
liberated by the enzyme per hour per mg. protein
or per ml. of the culture medium in which 10 cells
of C. atbicans per ml. had grown. Protein was
determined by the method of Lowry et at., (10).
RESULTS
The results are summarized in Tables I and II.
The endogenous L.A.P. values ranged between
40 and 113 micrograms beta-naphthylamine per
hour per mg. protein. The "exogenous L.A.P."
activity was much less than the "endogenous
L.A.P." activity by ratios of 1:8 to 1:20, when
referred to the protein concentration of the
aliquots used for assay.
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TABLE TI
Exogenous L.A.P. activity
Exp.
No.
LAP(tg. iea-
naphth./hr.
mg. protein)
L.A.P.
(sg. beta-
naphth./hr./
102 cells/mi.
of Medium)
Culture Medium
1 5.1 6.4 Basic liquid medium*
plus 1% starch,t
1% NH4C1, 10%
Dextrose
2 8.2 10.3 Basic liquid medium*
plus 1% NH4C1,
10% Dextrose
3 5.4 9.7 Basic liquid medium*
plus 1% urea, 10%
Dextrose
4 — 3.6 Sabouraud liquid me-
dium,t 2% Dex-
trose
5 — 2.8 Sabouraud liquid me-
dium,t 10% Dex-
trose
6 — 1.9 Sabouraud liquid me-
dium,t 25% Dex-
trose
* Basic liquid medium by Kapica et at., con-
sists of: MgSO4 .71120—0.05%; K112P04—0.1%;
Dextrose—variable concentration.
t Starch: Soluble starch (Merck) was used. For
Sdaouraud liquid medium, peptone (Merck) and
bxetrose (Merck) were used.
NOTE 1: All cultures assayed were 96 hours old.
NOTE 2: According to the method of Lodder
and Kreger-van Rij (8), 0.2 ml. of the following
concentrate was added to each 20 ml. of basic
medium.
Biotin 2 pg.
Thiamin 400 pg.
Inositol 2000 pg.
Water lOml.
DISCUSSION
Since leucine aminopeptidase acts specifically
on the substrate used, the presence of this enzyme
in C. albicans was clearly demonstrated. The re-
sults indicated that this peptidase activity varied
with the type of culture medium. The activity
increased during the active growth phase of the
colonies up to 24 hours.
The extremely low "exogenous L.A.P." activity
in contrast to "endogenous LAP." activity may
possibly reflect liberation of enzyme from dead or
dying organisms rather than active enzyme secre-
tion for purposes of extracellular digestion of
nutrient substrates.
SUMaIAEv
Leucine aminopeptidase was demonstrated in
substantial amounts in the cells of C. albicans
cultures. Small amounts of the peptidase were
also found in the culture medium, possibly lib-
erated from dead cells.
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